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We have  used  human-rodent  somatic cell hybrids 
to investigate  the  regional  localization of the IFN- 
yR gene on human  chromosome 6 and  studied  func- 
tional  and  antigenic  characteristics of the ex- 
pressed IFN-yR by  Scatchard analyses of lZ5I-IFN-y 
binding  and  binding  of an anti-receptor mAb  (A6C5). 
The  data  obtained  revealed  coordinate  expression 
of IFN-y- and  A6CB"binding capacity as well as com- 
petition  in  binding to chromosome  6-positive  hy- 
brids  and  normal cells, indicating  that  the A6C5- 
defined  protein is by itself  capable of high  affinity 
IFN-7 binding  and, thus, is likely to constitute  the 
major IFN-rR protein  of distinct cell types. The  re- 
ceptor  gene  could be allocated to region  6q16 to 
6q22,  which also contains  the c-ros oncogene. Ge- 
netic linkage of the IFN-yR gene to an oncogene 
located  in  a  region of non-random  chromosomal 
aberrations  may  have a  causal  relationship to the 
deregulated IFN-yR expression  in  several  malignan- 
cies. 

The pleiotropic activities of  IFN-y are initiated by bind- 
ing  to species-specific cell surface receptors. Analysis of 
IFN-yR structure by means of chemical  cross-linking of 
ligand to receptor proteins (1-5) and, more recently, by 
use of anti-receptor  antibodies (6,7), has not yet resolved 
the question of subunit composition (4) and of tissue- 
specific structural heterogeneity (5) of IFN-yR as a  cause 
of differential IFN-y responsiveness of distinct cell types 
(see  Reference 8 for Review). Moreover, little is known 
about  the specific function of IFN-yR with regard to 
signal  transduction and about  the  mechanisms that reg- 
ulate  expression of IFN-yR. Apparently, there is consti- 
tutive  expression of high  affinity IFN-yR in some normal 
tissues  and  in most of the various  malignant cell lines 
analyzed (4.8,  9). However, when compared with  normal 
lymphocytes, lymphoid tumors often  either  over-express 
or lack IFN-yR (4, 9). These  malignancies are  character- 
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ized  by frequent  deletions  or  translocations of the long 
arm of chromosome 6 (10).  harboring a cluster of onco- 
genes,  including ros, yes-2, syn, and rnyb (1  1-13).  These 
chromosomal aberrations may eventually lead to dereg- 
ulated  expression of oncogenes, thus initiating or con- 
tributing to development of malignant  disease. As earlier 
studies  already mapped IFN-y-binding capacity to the 
long arm of chromosome 6 (3, 14), we were intrigued by 
the idea that  the gene encoding the IFN-yR might be 
located in  this oncogene cluster region. Using selected 
somatic cell hybrids, we here show by Scatchard plot 
analysis of '251-IFN-y-binding studies  and immunofluo- 
rescence  studies  with an  IFN-yR specific mAb (A6C5) 
that  the gene coding for the IFN-yR protein endowed with 
high affinity  binding  capacity is located in  this oncogene 
cluster region of chromosome 6 (6q16  to 6qZ2). 

MATERIALS AND METHODS 

Cell lines and reagents. All human cell lines were obtained from 
the American Type Culture Collection (Rockville. MD). The origin 
and  characteristics of the  somatic cell hybrids have  been  described 
in detail previously (1 3, 15.  16).  The panel of hybrids  used here  was 
selected  on the  basis of presence or absence of chromosome  6 (or 
part of it) determined by cytogenetic and  Southern blot analysis.  The 
N1 series of human-mouse  hybrids used here differ only in the 
content of human chromosome 6 (15).  whereas  the  other  hybrids 
have additional changes  (1 3, 16). The  human chromosomes content 
of the  hybrids  was as follows: 8cF8 (4, partial  5q,  partial 6q. partial 
8,9.12.14.17.21,22); GB13 (partial 5q.12.14).  D2c16S5  (3.4.5,  par- 
tial 6,7.9.15.17,18.x): N1.35 (6,7,14,21): N1.37 (7.14.21). N1.48 
(6.7.14.21).  N1.48.4  (7.14.21).  N1.48.24  (6.7.14.21).  N1.48.26 
(7.14).  905.B2 (x), 905.84 (3,6p,12,14.17,18,21.22.x). 905.B5.1 
(3.5.6,8,10.19.22.x).  905.B5.13  (3,4,5,12,19.22.x); 905.B3,  905.B6. 
and 905.B8 contain  human chromosome  6 as revealed from South- 
ern blot analysis  and,  in addition, one  to  nine  other  human  chro- 
mosomes,  which  have  not  been further  characterized. Presence of 
chromosome  6 was re-evaluated at  the time of experiments  using c- 
ros- and c-myb-specific  probes as well a s  by specific imrnunofluo- 
rescence analysis of HLA class I gene  expression using mAb W6/32. 
Highly purified human rIFN-y (sp.  act., 2 X lo7 U/mg) was produced 
by Genentech  (South  San Francisco, CA) and kindly provided by 
Boehringer Ingelhelm (Vienna, Austria). The mouse mAb used were 
W6/32 (anti-HLA class I: Dakopatts,  Hamburg, FRG). 142-23.3  (anti- 
rat MHC class 1 Ag) (17).  and A6C5 (anti-human IFN-yR) (6). 

Immunofluorescence analysis. Quantitative  immunofluores- 
cence studies of IFN-yR expression were performed by  flow cytom- 
etry (EPICS C: Coulter. Krefeld, FRG) as described (18).  using mAb 
A6C5 (lgG1) and mouse IgGl as background  controls, respectively. 
and FITC-labeled goat anti-mouse Ig (Medac. Hamburg, FRG) as 
second reagent. 

IFN-y-binding assays. IFN-7-binding assays  and  Scatchard  anal- 
yses of specific IFN-y binding were performed as described (4.  19). 
using iodinated rIFN-y labeled by Bolton Hunter  reagent  to high 
specific  radioactivity (4 X lo4 cpm/ng) under retention of bioactivity 
as  described (4). Capacity of hybrid  cells to  internalize specifically 
bound '251-IFN-y at 37°C was determined by trypsin  treatment of the 
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cells.  After  Incubatlon  wlth  radiolabeled IFN-y. the cells  were  washed 
twlce a t  4°C and  treated  with 0.5 m g m l  trypsln  for 6 min  at  37°C. 
Cell-assoclated  radloactlvlty  after a subsequent cold wash of the 
cells  was  considered as Internallzed IFN-y. Bv thls  treatment. 95% 
of the IFN--, bound  at 4°C could be removed  from  the  cells.  For 
antlbody  blocklng of IFN--, bindlng.  trlpllcates of 1 x lo6  cells/group 
were  pre-Incubated  for 1 h a t  4'C with  various  concentrations of the 
respectlve  mAb  and  washed  twlce by centrlfugatlon. '*"I-labeled 
human IFN--, was  added  for 2  h a t  4°C a t  a final concentration of 20  
ng/ml (total vol of 0.3 ml). Cells  were  washed  and  cell-bound  radlo- 
actlvlty was  determined.  Non-speciflc 12"I-IFN-y binding  was  deter- 

unlabeled IFN--, and  has  been  subtracted. 
mined  in  parallel  for  each  group  by  addlng a 200-fold  excess of 

Southern blot analysts. DNA from  human  and  mouse cell lines 
and from  somatlc cell hybrlds  were  prepared. DNA was digested  wlth 
restrlctlon  enzyme HLndIII (Glbco-BRL. Eggensteln. FRC). electro- 
phoresed In agarose (0.8%). transferred  to  nitrocellulose  and  hybrld- 
lzed accordlng  to  Southern  (20) as descrlbed  (21).  using  speclflc  c- 
ros (ph  ros H16) (23)  and  c-rnyb  (F8)  (22)  genomlc DNA probes.  which 
were  labeled by random  primlng(23). Hyhrldized fllters  were  exposed 
to Kodak XAR fllm a t  -70°C for 24   to   46  h. 

RESULTS 

Quantitattue  relatfonshtp  and  coordinate  expression 
of high  aflintty IFN-yR and A6C5  defined  epitopes In 
tumor cell lines  and  chromosome  6-positive  somatic 
cell hybrtds. Binding of mAb  A6C5 to IFN-yR-positive 
Raji cells is readily detected by immunofluorescence flow 
cytometry (Fig. 1A). Specific binding of A6C5 is com- 
pletely abolished by pre-incubation of Raji cells  with IFN- 
y (Fig. 1B). Conversely, A6C5 inhibits specific  binding of 
radiolabeled IFN-y to Raji cells (6) (K. Pfizenmaler and K. 
Wiegmann,  unpublished data). Mutual competition thus 
indicates that A6C5 recognizes an  epitope close to the 
ligand binding  site of the IFN-yR. A parallel  quantitative 
determination of high affinity IFN-yR and of mAb  A6C5- 
defined epitopes of various human  tumor cell lines  was 

log fluorescence  intensity 
qure I .  Quantitative  immunofluorescence analysis of  IFN-yR s p  

cific binding of rnAb  A6C5 and competition by  IFN-7:  RaJl cells (1  X IO"/ 
le- 

group) were elther left untreated ( A )  or were treated for 30 mln at  4OC 
with 1 pg/ml human IFN-y [B). Cells were washed by centrlfugatlon. 
resuspended Into two ailquots. and incubated wlth control lg (mouse IgC: 
Coulter). and mAb  A6C5. respectlvely. for 45 mln at  4°C. Cells were 
washed twlce. and indirect  immunofluorescence was performed a s  de- 
scribed (18). Shown is log fluorescence  Intensity on an  arbltrary  scale 
from 1 to 1024. Mean background  fluorescence  obtained  with  control 
antlbody was 30 for both groups.  mean f:uorescence intenslty revealed 
upon stalnlng wlth  antibody A6C5 was 329 for untreated Rajl cells ( A )  
and 29 for IFN-y-treated Raji cells (E). 

performed by Scatchard  analyses of specific '251-IFN-y 
binding and by quantitative immunofluorescence anal- 
yses. respectively. Under the conditions of indirect im- 
munofluorescence  analysis performed here, the lower 
level of detection by antibody A6C5 is approximately 
1000 IFN-yR/cell  (Fig. 2). Correlation analysis of the 
mean  number of expressed high affinity IFN-yR (Kd = 10 
to 30 pM) and  the mean A6C5-specific fluorescence  in- 
tensity revealed a  direct  quantitative  relationship be- 
tween the two parameters (Fig. 2). Together. these  data 
suggest that mAb  A6C5. indeed, identifies the high affin- 
ity IFN-y binding sites of various cell lines derived from 
distinct  tissue origin. 

Using a panel of selected human-mouse and  human- 
rat hybrids that differ in the retention of human chro- 
mosome 6 (15, 16). it became evident that both high 
affinity IFN-y binding and A6C5 binding are concor- 
dantly  expressed with the presence of chromosome 6 
(Table I). The dissociation constant (Kd) of  IFN-y binding 
to these hybrid cells (20 to 30 pM) is similar  to that 
observed for various  normal human  tissues  and tumor 
cell lines (4, 9). Moreover.  IFN-y specifically bound to 
chromosome 6-positive hybrid cells, was internalized at 
a rate comparable  with that of human cell lines (Table 
11). On both human-rat  and human-mouse hybrid cells, 
A6C5 efficiently blocked IFN-y binding in a dose-depend- 
ent  manner,  whereas antibodies directed against  other 
unrelated cell membrane  proteins did not significantly 
affect '251-IFN-y binding (Table 111). Thus, high affinity 
binding of all chromosome 6-positive and A6C5-positive 
hybrid cells indicates that a  single receptor protein is 
sufficient to accomplish high affinity IFN-y-binding ca- 
pacity. 

The  human IFN-yR gene is located in proximity to 
the ros  oncogene. To study  the regional localization of 
the  human IFN-yR gene. we used several  human-mouse 
cell hybrids  with varying deletions of human chromo- 

100 200 300 400 

specific A6C5 binding(mem log fluorescence iotmsity) 

and A6C5-blndlng capaclty in various human tumor cell Ilnes. Determi- 
FIgure2. Correlatlon between the  quantity of high afflnity IFN-yR 

natlon of IFN-yR and of A6C5 binding has been performed In parallel as 
described In Materlals and Methods and in legend to  Table 1. 
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TABLE I 
Concordant  segregation of high  aflinity  IFN-y-binding  and AGC5-binding capacity of chromosome  6-positiue  human- 

rodent  cell  hybrids 

Hybrid  Cell Presence of  Human IFN-y-Binding Capacityn A6C5 Binding 
Chromosome 6 IFN-yR/cell K d  IpM) Fluorescence Intensityb 

N1 
35 
37 
48 
48.24 

48.26 
48.4 

B2 
B3 
B4 
85.1 
85.13 
€56 
B8 

905 

1400 
0 

2000 
2200 

0 
0 

1500 
0 

2300 
0 

0 

3300 
1300 

22 

20 
22 

25  

28 

31 
21 

65 
<10 

110 
90 

510  
510 

510 
80 

510 
100 
510 

60 
158 

of a  single, high affinity  type of IFN-yR in  those  cells  that  retain  human  chromosome  6. 
Determined by Scatchard  analyses of specific '251-IFN-y binding,  which revealed unilinear  plots,  indicating  presence 

cytofiuorograph and  is expressed  in  arbitrary  units  on  a log scale  from  1  to  1024.  Background  fluorescence.  determined 
bMean  specific  fluorescence  intensity  was  determined by indirect  immunofluorescence  analysis  using an EPICS C 

by appropriate  isotope-matched  control  antibodies. was  subtracted. Only fluorescence  intensities >20  are regarded as 
A6C5-specific binding 

TABLE I1 
Internalization of '251-IFN-y by  chromosome  6-positiue  human-mouse 

hybrids  and a human cell  line 

Internalized 1251-IFN-y (% of total 
Incubation Time specific binding)' 

(mfnl 
N i . 4 8  N 1.35 COLO 205 

30 
15  12  10  12 

28  21  27 

180 
60  29 

41 
24 
33 

36 
39 

a Quadruplicates of 1 X 1 O6 cells/group  were  incubated  for the indicated 
time period at 37°C  in  the  presence of 20  ng/ml 1251-IFN-y. Thereafter, 
groups  were divided and  treated  with  trypsin  to  determine  the  proportion 
of internalized 1251-IFN-y. 

TABLE I11 
Dose-dependent  inhibition of 1251-IFN-y binding to chromosome 6- 

oositiue  hubrid  cells  bu  antibodu A6C5 

Antibody Pre- 
treatment (ng/ml) Hybrid  Cell 

Mean Specific 
'251-IFN-r Binding 

(cpmIu 

N1.48 None 
A6C5 

1 
10 

100 

N1.48.24 None 
A6C5 

1 
10 

100 

None 
A6C5 

1 

100 
10 

W6/32  1000 
142.2313  1000 

905.83 

815 f 85 
350 k 30 (57)b 
150 k 42  (82) 
75 f 15  (91) 

570 2 27 
160 f 18  (72) 
90 f 10  (84) 
15 f 10  (97) 

1220f   108  
580 f 75  (52) 
250 f 15 (SO] 

20 f 10 (981 

1310 f 100 1-71 
1040 & 175  (15) 

with the indicated concentrations of mAb A6C5 (anti-human IFN-yR]. 
"Triplicates of 1 X 10' celis/group were pre-incubated  for  1 h at  4°C 

W6/32  (anti HLA-A.B.C) or 142.23/3  [anti-rat MHC class 1 Ag) and  washed 
twice. Specific IFN-y binding  was  determined as described  in  Materials 
and  Methods. 

Numbers  in  parentheses,  percent  inhibition. 

some 6. These hybrid cells have been used previously to 
localize the  human  c-ros oncogene (1 3). which, based on 
genetic data, is likely to encode a  membrane receptor 
possessing  tyrosine  kinase  activity  (24). Analysis of  IFN- 
yR expression in three of those hybrid cells, which  al- 

lowed the localization of c-ros between 6q16  and  6q22 
(1 3), revealed a genetic linkage of human c-ros and  the 
IFN-yR gene. For example,  hybrids D2 cl6S5  and 8cF8, 
which share  the chromosomal region 6q16  to  6q22  and 
contain  c-ros (Fig. 3). do express IFN-yR as  revealed by 
both specific '"I-IFN-7 binding and AGC5-specific im- 
munofluorescence (Table IV). In contrast, hybrid GB13, 
which retains  the c-myb locus, but not c-ros (13),  fails  to 
bind IFN-y and mAb A6C5 (data  not  shown).  Scatchard 
analysis of IFN--/ binding to 8cF8  and D2 cl6S5 confirms 
high affinity  binding  capacity of both hybrid cell clones 
with  a dissociation constant of 35 and 55 pM and  2700 
and  1060 receptors/cell, respectively (Fig. 4). 

DISCUSSION 

Cross-linking of 32P-labeled IFN--/ to  somatic cell hy- 
brids has recently  enabled the gross localization of the 
gene coding for the  human IFN--/R (or the binding sub- 
unit) to the long arm of human chromosome 6 (3). The 
data presented  here allowed a more precise localization 
of this receptor gene  between  6q16 and  6q22, which is 
in close proximity to c-ros, belonging to the family of src- 
related oncogenes (25). Moreover, Scatchard  analyses 
performed here now clearly indicate that  the chromosome 
6-encoded IFN-rR protein, identified by  mAb A6C5, is by 
itself sufficient  to mediate high affinity  binding (Table I; 
Fig. 4) as well as internalization of  IFN-y (Table 11) in a 
manner similar to normal IFN-y-responsive human cell 
lines. 

This finding is revealing with regard to a possible het- 
erogeneity and  subunit composition of IFN--/R deduced 
from cross-linking  studies,  in which several specific re- 
ceptor ligand complexes in the m.w. range  between 
70,000  and  160.000 have been obtained (1-5). Moreover, 
using receptor-specific antisera  (7) as well as a mAb 
(A6C5) (6) for characterization of IFN-yR, two proteins 
with m.w. of 50,000 and  90,000 were identified in Raji 
cells (6). and a major protein of 95,000  as well as two 
lower m.w. species of 60,000  and  80,000 were identified 
in human  fibroblasts  (7). Although the relationship be- 
tween the receptor proteins of Raji cells and  fibroblasts 
is not  known,  it is evident that  the proteins identified in 
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5 6 7 8  

and m y b  in somatic cell hybrids. Southern 
Ftgure3.  Differential retentlon of ros 

blot analysis of Hfndlll-digested DNA ( 1  0 
vdlanel from a human Dlacenta ( lanes  1 
aGd 5).'human-mouse h'ybrids  D2 cl 6S5 
( lanes 2 and 6)  and 8c F8 ( lanes 3 and 7). 5.5 kb - a 
and a mouse cell line (3T3: lanes 4 and 81 
was slze fractionated, blotted on nltrocel- 
lulose and hybridized  to specific "P-la- 
beled DNA probes as described 121). 

probe ros 

7.1 kb- m 

TABLE IV 
Btndfng  ofant i -receptor   ant tbody A6C5 and  human IFN--, ro hybrid  cells  retalnlng  only  part of human 

chromosome 6 

Presence of 
Oncogme" 

Speclflr Binding of 

Hybrld Clone Chromosome Reglon 

ros m!lh 
' 2 5 ~ - ~ ~ ~ - ~  

[cpm/l o7 cei~s)  
A6C5 

D2 cl6S5 6pter q22 + - 2700 1 35h 
8cF8 6q16 qter + + 6200 105 

a Revealed  from Southern blot analysis  shown In Flgure 2. 
Results are expressed as specific fluorescence Intensity. 

high affinity  binding  site of IFN-yR in different cell lines 
of distinct  tissue  origins (Fig. 2). 

Thus. with regard to IFN-y-binding capacity, a hetero- 
geneous subunit composition of the IFN-TR is not re- 
quired. However,  we (1 4) as well as  others (3) noted that 
chromosome 6-positive hybrid cells are unable to respond 
to  human IFN-y. despite a sufficient  number of expressed 

rn responsiveness to mouse IFN-y, a species-specific com- 
ponent is apparently required in addition to the high 
affinity  binding  site. A recent  study has now suggested 
that chromosome  2  1  encodes a receptor-complementing 
component  conferring  antiviral as well as HLA gene  re- 

may function as a cytoplasmic  or  membrane-bound sig- 
0 5  10  15 20 25 nal  transducer. In the  latter  case, a direct  association 

conceivable, thus creating  a complex IFN-yR structure, 

". 
U high affinity  receptors. A s  these  hybrids showed normal 

0.2- 

0.1 - - BcF8 
O-O D2C16SS sponsiveness in these cells (26).  This putative molecule 

Bound(pM) with the A6C5-defined IFN-y-binding protein would  be 
Figure4.  Saturation btndlng curve and Scatchard plot analyses of 

1251-IFN-y binding to human c-ros-posltive hybrid cells 8cF8 and D2 cl Consisting Of functionally  distinct subunits. 
6S5. The binding assay  was done in triplicate with 2 X 10' (8cF8) and 3 The intriguing  finding of this  study is the  apparent 
x 10' (D2 cl6S5) cells/group. and Scatchard analysls of specific lZsI-IFN- 
y binding was performed as described (4). genetic  linkage of the IFN-yR gene and  c-ros (Table 111; 

Figs. 3 and 4). In addition, two other  recently identified 
Raji cells are antigenically  related, and both  possess IFN- 
y-binding  capacity (6). Thus, it is possible that  the lower 
m.w.  receptor  species  represents a truncated 90.000 
m.w. molecule, probably degraded during  the process of 
purification (C.  Mao and G. Merlin, manuscript in  prep- 
aration). 

Our data  presented  here  show close quantitative cor- 
relation of mAb A6C5-binding with high affinity IFN-y- 
binding  capacity in various  tumor cell lines. Further- 
more, concordant  segregation of IFN-y-binding capacity 
with  chromosome 6 in  hybrid  cells  indicated that a single 
polypeptide chain defined by  mAb  A6C5 constitutes  the 

members of the  src gene  family, c-yes-2  and  c-syn,  the 
latter coding for  non-receptor-type  tyrosine  kinase,  have 
also been mapped to human chromosome  6 (1 1) and 
probably are located in the  same region as c-ros  and  the 
IFN-yR gene.  Inasmuch as c-ros is likely to code for a 
receptor-type  tyrosine  kinase of unknown ligand speci- 
ficity (13. 24).  the close linkage of c-ros  and  the IFN-yR 
gene  suggests  that they could be related. However, an 
apparently  distinct  pattern of expression of the two 
genes, deduced from analyses of ros-specific RNA levels 
(1 3) and from analysis of phenotypical  expression of  IFN- 
yR (4. 9). respectively, indicate  that  the two genes prob- 
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ably are distinct.  Understanding of the  relationship of 
the IFN-yR to  the family of src-related  tyrosine  kinases 
will have  to  await  cloning and sequence  analysis of the 
receptor gene. 

Genetic linkage  to an oncogene and/or location in a 
chromosome region of frequent,  non-random  deletions 
and translocations might cause deregulated expression 
of the IFN-yR gene, a reasoning that is supported by our 
previous demonstration of receptor-negative  hairy cell 
leukemias as well as an  up to 30-fold over-expression of 
IFN-yR in several lymphoid tumor cell lines and primary 
tumor  isolates,  in  comparison  with the constitutive low 
expression of IFN-yR (200 to 500/cell)  in  normal lympho- 
cytes (4. 9). Although it is at present  unclear  whether 
deregulated expression of  IFN-yR  by itself contributes  to 
development of a malignant  state, hyper- or hypo-expres- 
sion of IFN-yR noted in some tumors may serve as a 
specific phenotypic  marker of aberrations  at chromo- 
somal region 6q16  to  6q22 that might be  associated  with 
an  erroneous  activation of the oncogenes localized at this 
region. 
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